Cover illustration: The Crab Nebula as seen by the Hubble Space Telescope, an artistic view of a microquasar, and a cascade of a high-energy particle from a quasar jet entering the Earth atmosphere. The instruments are imaging atmospheric Cherenkov telescopes, submarine neutrino detectors, and the gamma-ray satellite GLAST. Printed on acid-free paper.
D. Pérez-Ramírez, J.R. Sánchez-Sutil, A. Muñoz-Arjonilla, J. Martí, J.L. Garrido and P. Luque-Escamilla / FIRST radio counterpart candidates to ULXs: a catalogue 147-150
Shoko Miyake, Shohei Yanagita and Tatsuo Yoshida / Numerical studies on the structure of the cosmic ray electron halo in starburst galaxies [151] [152] [153] [154] [155] Evgeny V. Derishev / Synchrotron emission in the fast cooling regime: which spectra can be explained? 157 More than one year ago we were pleased to announce the conference "The multi-messenger approach to high energy gamma-ray sources" which was held in Barcelona, Spain, from Tuesday, July 4th to Friday, July 7th, 2006. This book collects its refereed proceedings. The conference was attended by more than a hundred scientists from a dozen countries.
As motivation for such a meeting, and particular for the multi-messenger approach introduced into the study of high energy gamma-ray sources, we noted that for the first time in history, we are on the verge to simultaneously observe the most energetic phenomena in the Universe from radio to TeV photons, cosmic rays, and neutrinos, with roughly similar sensitivity and angular resolution. The energy band between 20 and 200 GeV will be accessible by upcoming satellites (such as GLAST) and already operational ground-based telescopes (such as MAGIC and HESS). Ultra high energy cosmic ray detections are being used to investigate whether they violate the GZK cutoff imposed by the cosmic background radiation, whether we can identify their origin, or whether we must enlarge physics by admitting new universal constituents or interactions. Neutrino astrophysics is reaching at the same time discovery maturity, while new powerful equipments are currently being built to scrutinize the sky with these messengers.
Observationally driven high energy astrophysics thus calls for detailed theoretical multi-messenger based modeling of plausible sources of high energy radiation, for multiwavelength observations, and for detailed population studies. Upon these topics, the lectures and lively debates held at the conference went along, pivoting on the prospects for the identification and study of the classes and individual high energy gamma-ray sources that are still undetected or hidden as yet unidentified sources.
This workshop continued the series initiated by the meeting held at Tonantzintla in October 2000, followed by the conference at Hong Kong in May 2004. We have had a highly focused, profitable meeting at the frontier of high energy astrophysics, with a lot of discussion where experts from different research fields gathered for a 4-days intense exchange in the Mediterranean environment of the city of Barcelona. We hope that in future, the pages of this book will bring along the scent of those days, and memories to those who were present, while accompanying all readers into new scientific challenges.
A recurring theme of the history of astronomy, astrophysics and cosmology is that, every time a new waveband is opened up for astronomical observation, new and unexpected results are found which not only change the perceptions of astronomers, but also point the way to the next generation of challenges for astronomers and technologists. The new insights need to be placed in the broader astronomical perspective, which may need to change in response to these discoveries. The proceedings of this conference, "The MultiMessenger Approach to High Energy Gamma-ray Sources," provide startling evidence of this process in action in the field of Gamma-ray astronomy.
The meeting concerned many different aspects of what can be called VERY high energy astrophysics in its broadest sense. Much of the discussion centred upon direct means of investigating some of the most extreme phenomena in contemporary astrophysics. Gamma-ray astrophysics was at the heart of the conference and this discipline has been reinvigorated by space missions such as INTEGRAL and SWIFT and by the ground-based large Cherenkov Arrays such as HESS, all of which are now producing spectacular science. These studies are complemented by new studies of the highest energy cosmic rays from the first results from the Auger Array in Argentina.
The reviews and papers presented at this excellent workshop are mandatory reading for all those interested in high energy astrophysical phenomena. It is unfair to pick out particular items from the plethora of new results, but I cannot resist highlighting a few topics. The wonderful im-M. Longair ( ) Cavendish Laboratory, University of Cambridge, JJ Thomson Avenue, Cambridge CB3 0HE, UK e-mail: msl1000@cam.ac.uk ages of supernova remnants in ultrahigh energy gammarays produced by the HESS Cherenkov Array in Namibia will go instantly into all the text-books. For me, the most plausible explanation is that these observations provide direct evidence for the acceleration of protons in the shock waves associated with supernova remnants. The detection of gamma-rays from blazars provides not only a challenge to identify the emission mechanism with certainty, but also provides a powerful tool for setting significant upper limits to the intensity of the optical-infrared background radiation. The continued flood of information on gamma-ray bursts is strongly constraining models for these extraordinary sources of enormous gamma-ray luminosities. New evidence on the spectrum of the highest energy cosmic rays and its interpretation suggests that the resolution of the longstanding debate over the interpretation of these data may be in sight.
The organisers of this meeting have emphasised the Multi-messenger Approach to gamma-ray astrophysics and this wide-ranging vision was fully justified by the diverse approaches taken in the reviews and contributed papers. The astrophysical questions raised by gamma-ray observations were clarified and sharpened over the four days of the meeting and the most fruitful future directions were laid out. When we talk about the astrophysics of the future, we mean pushing beyond what we are doing now to gain understanding of matter and radiation under really extreme physical conditions, which are inaccessible in terrestrial laboratories. This workshop demonstrated how exciting these areas are with the prospect of new insights into some of the most challenging problems of contemporary astrophysics.
We owe a profound vote of thanks to the organisers, Josep M. Paredes, Olaf Reimer and Diego F. Torres, for bringing together a diverse group of specialists who thrashed out the astrophysical significance of this wealth of new observation. I can thoroughly recommend careful study of the papers contained in this volume in the confident belief that they will stretch the imaginations of readers and enable them to ap-
Introduction
Since the beginning of 2003, the international gamma-ray astrophysics laboratory (INTEGRAL) is surveying the sky at hard X-rays and gamma-rays, with a particular emphasis on the plane and central regions of the Galaxy. The two main scientific instruments consist of the imager (IBIS) (Ubertini et al. 2003) and of the spectrometer SPI (Vedrenne et al. 2003) , providing respectively sub-arcmin source positioning Based on observations with INTEGRAL, an ESA project with instruments and science data centre funded by ESA member states (especially the PI countries: Denmark, France, Germany, Italy, Switzerland, Spain), Czech Republic and Poland, and with the participation of Russia and the USA. and keV spectral resolution in a band ranging from 17 keV to few MeV. Both instruments use coded-masks for the imaging. Substantial monitoring capabilities are also provided in the X-rays (3-35 keV) and in the optical V band by the JEM-X (Lund et al. 2003) (Courvoisier et al. 2003) , one of the goal of the INTEGRAL core program namely to monitor the hard X-ray sky is fully met.
Multiplexing large field of view images obtained for many short pointings allows to obtain Msec effective exposure times and sub mCrab sensitivity in many areas of the sky. Below 100 keV, the IBIS spatial resolution is a key feature to resolve the numerous point sources of hard X-ray emission detected in particular within the Galactic bulge and spiral arms.
Source detection and identification
All sky mosaic images have been constructed using all public INTEGRAL/IBIS data obtained from the beginning of the mission up to April 2005 (Fig. 2) . Source candidates have been extracted and filtered according to source significance, available exposure time and source shape to minimize the number of false detection. Transient sources that were active on a short time scale are usually not significant enough to appear in average mosaic images and need to be considered separately.
The number of source candidates detected above 25 keV amounts to about 375. Among them not more than 30 false detections are expected. For comparison, above 20 keV, HEAO-1 and SIGMA detected 70 sources down to 14 mCrab and respectively 15 galactic sources to a sensitivity of 30 mCrab.
Many detections correspond to sources known before IN-TEGRAL. Identification of a fraction of the new candidates has been obtained by improving the source position from arcmin to arcsec scales through the search for radio/soft Xray counterparts in existing archives (Stephen et al. 2006) or through specific high resolution X-ray observations (Walter et al. 2006b ). Optical/infrared spectroscopy of counterpart candidates have then been obtained (Masetti et al. 2006) .
About 70 out of 200 new hard X-ray sources have already been identified ( Fig. 1 ). 40% of them are high-mass X-ray binaries (HMXB), 40% are active galactic nuclei (AGN) and the remaining are distributed as follow: 3 low-mass X-ray binaries (LMXB), 4 X-ray novae, 6 cataclismic variables, 2 symbiotic stars, 1 msec pulsar and a few counterparts of TeV sources (see Sect. 6 for more details).
Study of the new INTEGRAL detected sources provided several unexpected results: -25% of the Active Galactic Nuclei detected by INTE-GRAL are new detections. Those sources are not particularly absorbed but located behind the galactic plane (Bassani et al. 2006 ). -50% of the HMXB are new absorbed or transient systems (Walter et al. 2006b ). -Anomalous X-ray pulsars have very hard spectra in the soft gamma-rays, signature of magnetar emission (Kuiper et al. 2006 ). -Hard X-ray counterparts of several unidentified HESS sources Malizia et al. 2005 ).
The distribution of INTEGRAL sources on the sky is as expected with Active Galactic Nuclei following the exposure map, HMXB tracing the galactic plane, the Gould belt and the two Magellanic Clouds and finally LMXB tracing older stellar population and in particular the bulge of the Galaxy.
High-mass X-ray binaries
A number of new bright persistent sources have been detected by INTEGRAL above 20 keV in the galactic plane. Such sources were either unknown before INTEGRAL or weakly detected in previous X-ray surveys. Follow-up observations of a subset of those sources with XMM-Newton revealed that 80% of those new persistent sources are highly absorbed. Most of them are accreting pulsars in HMXB systems with long (100-1300 sec) spin periods characteristic of wind accretion. The orbital periods and infrared spectra indicate the presence of massive companions, most likely super-giant stars (Walter et al. 2006b) .
A family of fast hard X-ray transients, discovered by IN-TEGRAL, flaring on few hours time scales (Sguera et al. 2006) , have also been associated with super-giant companion stars (Negueruela et al. 2006) .
Among the HMXB detected by INTEGRAL 25 were known previously and 26 are new systems. Because of their transient and long period nature only 15 Be systems have been detected out of the hundred known systems and 6 new ones have been discovered. The 10 wind accreting supergiant persistent systems previously known in the Galaxy have been detected by INTEGRAL. In addition 20 new supergiant systems have been discovered, increasing the number of those systems by a factor of 3. 13 of them are obscured and persistent and 7 are fast transients.
The distribution of HMXB detected by INTEGRAL along the galactic plane peaks in the Norma and Scutum/Sagittarius inner spiral arms regions. The sources are on average slightly brighter and more scattered along the galactic plane in the Sagittarius region as expected if the Norma region sources are located further out from the Sun. This suggests that the bulk of the observed HMXB population is located in the outer parts of the inner arms at a distance of the order of 5 kpc from the Galactic Center.
Dense and clumpy stellar winds
In contrast with the new persistent HMXB discovered by INTEGRAL the previously known systems are most of the time not strongly absorbed and bright in the X-ray band. As their average X-ray luminosity is not exceptional, the new INTEGRAL observations indicate that the new absorbed systems form the majority of the active super-giant HMXB detected so far. The fluorescence lines are particularly striking in those objects (Fig. 4) . Together with the continuum spectral shape they point towards a transmission geometry in which the compact sources are embedded within a dense envelope of cold matter. A likely model is one in which the compact object orbits its companion within a dense stellar wind component. This model is confirmed by the eclipses (Hill et al. 2005; Zurita et al. 2006 ) and the evidences for variation of the absorbing column densities that have been found in few of those sources (Rodriguez et al. 2006) . Fast flaring activities also indicate inhomogeneities in the accreted wind (Walter 2006a) .
Fast transient super-giant HMXB are characterized by short flares lasting a few hours and separated by many weeks. These flares are likely the signature of the interaction between the orbiting compact source and highly inhomogeneous stellar winds made of very dense clumps (Leyder et al. 2007 ). The timing characteristics of those flares allows to measure the physical characteristics of those clumps.
The main difference between transparent, obscured and fast transient super-giant HMXB systems is probably related to the structure of the stellar wind. The clumpness of the wind could increase from transparent to obscured and even further to fast transient systems. Hard X-ray variability studies provide a direct way to probe the stellar wind characteristics (clumpness, density) and constrain clumpy stellar wind models (Leyder et al. 2007 ). This complements studies based on high resolution spectroscopy (Oskinova et al. 2006) . The possible detection of HMXB in the TeV range in the 80's (see Protheroe 1986 for a review) led to the idea that protons trapped in the outer and closed regions of a neutron star magnetosphere could be accelerated up to γ ≈ 10 8 by multiple scattering of Alfvén waves close to the accretion column (Katz and Smith 1988) . Protons could be accelerated to high energies only if the synchrotron loss time is larger than the travel time needed to bounce back often enough to gain energy. Within milli-seconds, when the giroradius becomes larger than the magnetospheric region, the high energy protons escape the system. For the highest energies this occurs close to the Alfvén radius R A ≈ 10 8 cm.
The luminosity of the high energy proton leaving the system was estimated as the total energy trapped over the escape time and could reach 10 36 erg/s (Smith et al. 1992 ).
Significant γ -ray production will take place if the high energy protons interact with dense enough accreted material outside of the Alfvén radius. The size of the stellar wind clumps assumed to be responsible for the hard X-ray flares observed in fast transient super-giant HMXB could be estimated as 10 10 cm from the duration of the flares. At ∼10 9 cm from the neutron star, the pulsar magnetic field will be of the same order than the companion stellar wind magnetic field (i.e. ∼100G (Donati et al. 2006) ) such that Bohm diffusion could take place. The diffusion time
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We conclude that HMXB accreting dense stellar wind clump could be transient TeV sources if the column density is large enough. This applies to dense clumps in fast transient HMXB and to persistent obscured HMXB if the accretion wakes are dense enough. The strength of the TeV emis-sion also depends on the magnetic strength and structure in the stellar wind. As column densities larger than 10 23 cm −2 have been observed in specific objects during flares, one could expect to observe TeV flares from fast transient supergiant HMXB on a timescale of a few hours and possibly in persistent highly absorbed systems as well.
INTEGRAL counterparts of TeV sources
Several of the sources detected by HESS and MAGIC in the galactic plane do have counterparts detected by INTE-GRAL (see Table 1 ) including some of the unidentified HESS sources. In the case of point-like and variable TeV sources the correspondence between the TeV and INTE-GRAL sources is almost sure. For extended sources the situation is more delicate as HESS and INTEGRAL may see different particle acceleration sites emitted in different regions of the same supernova remnant (SNR) or by a pulsar and/or its pulsar wind nebula (PWN). Clearly more spatial resolution and sensitivity are needed from the hard X-rays to the TeV range to allow precise mapping of particle acceleration sites in the Galaxy.
Currently none of the obscured or fast X-ray transient HMXB discovered by INTEGRAL has been detected in the TeV (with the possible exception of IGR J16320-478), however one must note that TeV emission is expected only during the accretion of dense clumps which happens only when the source is active at hard X-rays, i.e. for a small fraction of the time.
Introduction
A systematic survey of the inner part of the Galaxy performed by the H.E.S.S. Cherenkov telescope system has revealed a number of previously unknown sources of VHE gamma-rays above 100 GeV (Aharonian et al. 2005a (Aharonian et al. , 2006a . While in terms of a population approach the sources can be described by common properties like generally rather hard energy spectra (photon index ∼2.3) or a rather narrow distribution in Galactic latitude (rms of ∼0.3°) the counterpart identification calls for an individual study of these objects. An unambiguous counterpart identification of these (initially) unidentified H.E.S.S. sources requires (i) spatial and ideally also morphological coincidence, (ii) a viable gamma-ray emission mechanism for the object, and (iii) a consistent multi-wavelength behaviour matching the suggested identification and the particle distribution within the source. The H.E.S.S. sources can be classified according to their confidence in identification with known astrophysical objects following the three requirements given above. Table 1 summarises the categories. Category A comprises sources for which the positional and/or morphological match (in case of an extended source) with a counterpart source is excellent and the emission processes can be modelled to provide a consistent picture describing the multifrequency data. For these sources the association is beyond doubt. For Category B sources the emission mechanisms can be consistently modelled, however these sources show a less convincing positional and/or morphological match with the potential counterpart. Category C sources on the other hand have a good positional counterpart, they show however a non-consistent multi-wavelength picture, being it because of insufficient data at other wavebands, being it because of a not fully understood emission mechanism. For Category D sources no counterpart candidate exists, these are the classical unidentified sources. In the following I will describe examples for sources belonging to each of the 4 categories. The description will focus on Galactic gamma-ray sources, since for extragalactic objects the counterpart identification in the VHE gamma-ray regime has (so far) turned out to be rather unproblematic.
Category A-sources with an established counterpart
Two classes of sources can be distinguished for which a counterpart to the VHE gamma-ray source has been established: (a) point sources with a convincing positional match and (b) extended sources with a convincing positional and morphological match. For these objects with a firm counterpart, having established the positional coincidence, the aim for these objects is to fully understand the details of the multi-frequency photon spectrum and to investigate the emission mechanisms generating this photon spectrum. One important question in the VHE gamma-ray regime is for example whether the gamma-ray emission is generated by Inverse Compton scattering of ultra-relativistic electrons on photon fields like the Cosmic microwave background (CMBR) or by pion-decay produced in proton-proton interactions, that is whether the gamma-ray emission has leptonic or hadronic origin. These two scenarios can not be directly distinguished from the gamma-ray data alone, but have to be separated by modelling the parent population of particles responsible for the emission. For any source identification it should be mentioned that the good angular resolution of VHE Cherenkov instruments (typically of the order of 0.1°per event) as well as the very low level of the diffuse gamma-ray background at energies above 100 GeV helps against source confusion. Source confusion was a problem that EGRET ) strongly had to face, especially in observations in the Galactic plane where both the density of sources and the level of the diffuse gammaray background was higher. The upcoming GLAST satellite measuring in the regime between <20 MeV to ∼300 GeV will have the advantage of an improved angular resolution (∼0.6°at 1 GeV) over EGRET but will also be susceptible to any systematic uncertainties in modelling the diffuse gamma-ray flux from cosmic ray interactions with interstellar material. The best-established example for a point-source with a convincing positional match is the Crab Nebula (Aharonian et al. 2006f) , which is frequently used as a calibration source in VHE γ -ray astronomy. In order to establish a positional correlation with a gamma-ray point-source, it has to be tested whether the nominal position of the counterpart candidate is within the statistical and systematic error limits of the reconstructed position of the gamma-ray emission region (for the Crab Nebula, the statistical error on the reconstructed position of the gamma-ray emission is 5 , the systematic error of the order of 20 ). Other objects of this class, where a positional counterpart to a point-like gammaray emission has been established are the newly discovered gamma-ray microquasars LS 5039 (Aharonian et al. 2005h, 2006e) and LS I+61 303 (Albert et al. 2006) or the composite PWN G0.9+0.1 (Aharonian et al. 2005b) . A further strengthening of the proposed association can be established if additionally (as in the case of LS 5039) a correlated periodicity or variability between the gamma-ray source and the counterpart source can be detected (LS 5039 shows a modulation in the gamma-ray data that matches the orbital frequency of the binary system as discussed by deNaurois et al. in this proceedings).
The best established example for an extended source with a convincing morphological match is the Supernova remnant (SNR) RX J1713.7-3946 (Aharonian et al. 2004 (Aharonian et al. , 2006b ) (and also see Lemoine-Gourmard et al. in this proceedings) showing a striking correlation of the gamma-ray emission to X-rays as e.g. measured by the ASCA satellite (correlation coefficient: ∼80%). From the morphological match, the association of the gamma-ray source with the Supernova remnant is beyond doubt and can be regarded as a firm association. Another object of this class is the Supernova remnant RX J0852.0-4622 (Vela Jr.) showing also a high de-gree of correlation between the gamma-ray and X-ray emission (Aharonian et al. 2005c ). Other objects of this class are the PWNe MSH-15-52 (Aharonian et al. 2005d ) and Vela X (Aharonian et al. 2006c) .
In terms of modelling the multi-frequency emission from these objects where a firm counterpart has been established, the Crab Nebula can again serve as an excellent example how the outstanding coverage in wavebands from radio to VHE γ -rays can help to consistently describe the emission mechanism in this object and to derive important parameters like the strength of the magnetic field responsible for the synchrotron emission. For the microquasar LS 5039 as well as for the extended gamma-ray emission from the Supernova remnants RX J1713.7-3946 and RX J0852.0-4622, there is not yet a unique solution to describe the multi-frequency data and the gamma-ray emission can be explained both in terms of a leptonic emission mechanism generated by Inverse Compton scattering as well as in terms of a hadronic scenario where the gamma-ray emission is generated by the decay of neutral pions.
Category B-sources with a less convincing positional or morphological match
The best example for members of this class are the newly discovered gamma-ray sources, which seem to belong to the so-called offset Pulsar wind nebulae. These objects, for which Vela X (Aharonian et al. 2006c ) is the archetypal example show an extended emission around an energetic pulsar. The offset morphology is thought to arise from an anisotropy in the interstellar material surrounding the pulsar, that prevents the symmetric expansion of the PWN in one direction and shifts the emission to the other direction (see e.g. (Blondin et al. 2001 ) for a hydro-dynamical simulation and discussion of this effect). The gamma-ray emission in these objects is generated by Inverse Compton scattering of relativistic electrons accelerated in the termination shock of the PWN. The gamma-ray sources that could possibly be explained in this framework are typically extended and their emission region overlaps with energetic pulsars (energetic enough to explain the gamma-ray flux by their spindown power) and that very importantly also show evidence for an X-ray PWN. Apart from Vela X and MSH-15-52, the gamma-ray emission of the PWN HESS J1825-137 (Aharonian et al. 2005e, 2006d , possibly powered by the energetic pulsar PSR J1826-1334 can be used to illustrate the properties of this class of objects. This object has been observed by H.E.S.S. in a very deep observation of ∼67 hours, due to its proximity to the microquasar LS 5039 (at a distance of ∼1°). It was known to be a PWN candidate also in VHE gamma-rays since through XMM-Newton X-ray observations of PSR J1826-1334 (Gaensler et al. 2003) established an offset X-ray PWN extending asymmetrically Fig. 2 a XMM-Newton X-ray image in the energy range between 2 and 12 keV of the small region (7 × 7 ) surrounding PSR J1826-1334. It can be seen, that the X-ray emission shows an asymmetric diffuse emission extending to the south of the pulsar. b H.E.S.S. gamma-ray excess image of the region surrounding HESS J1825-137 and the energetic pulsar PSR J1826-1334 (white triangle). The image has been smoothed with a Gaussian of radius 2.5 and has been corrected for the changing acceptance across the field. The inset in the bottom left corner shows the PSF of the data set (smoothed in the same way as the excess map). The dashed black and white contours are linearly spaced and denote the 5σ , 10σ and 15σ significance levels. The best fit position of HESS J1825-137 is marked with a black square, the best extension and position angle by a black ellipse. Also shown (dotted white) is the 95% positional confidence contour of the unidentified EGRET source 3EG J1826-1302. The bright point-source to the south of HESS J1825-137 is the microquasar LS 5039. c Three-colour image, showing the gamma-ray emission as shown in panel b, with different colours, denoting the gamma-ray emission in different energy bands, symbolising the changing morphology even in the gamma-ray band alone. More details can be found in the text and in (Aharonian et al. 2006d) ∼5 to the south of the pulsar. The asymmetric nature of the PWN as well as CO data that show a dense molecular cloud to the north of PSR J1826-1334 (Lemière 2005) support the picture described above in which dense material to the north shifts the PWN emission to the south. The H.E.S.S. detected gamma-ray emission similarly shows an asymmetric emission extending to the south of the pulsar, however on a completely different scale than the X-ray emission (the X-ray emission extends 5 , whereas the gamma-ray emission extends ∼1°to the south). This at first glance prevents a direct identification as a counterpart, since the morphology can not be matched between X-rays and gamma-rays. However, modelling the emission mechanism and taking into account the different loss timescales of the gamma-ray and X-ray emitting electrons the different scale of the emission regions can be plausibly explained in the following way: for a typical magnetic field of 10 µG (as also suggested from the X-ray data), 1 keV X-rays are generated by ∼50 TeV electrons, whereas 100 GeV gamma-rays are generated by ∼1 TeV electrons. The gamma-rays are therefore generated by lower energy electrons than the X-rays and the different scales of the emission regions could be due to faster loss times of the higher energetic synchrotron emitting electrons. This picture is further supported by the fact, that also in the gamma-ray regime on its own, a decrease in size with increasing energy can be established as shown in (Aharonian et al. 2006d ) and illustrated in Fig. 2 .
If this picture is correct and the X-ray and gamma-ray sources are associated, then the different morphologies in these two wavebands (i.e. the different angular scales) can be explained in a consistent picture. Therefore these two sources can possibly be associated, even though there is no direct morphological match. It should be noted, that in order to establish the association as a firm counterpart, more multi-frequency data are needed that confirm this picture. Also it should be mentioned, that this source generates a new template for a large number of other extended gammaray sources found close to energetic pulsars. However, in the case of HESS J1825-137 there are two striking arguments that further substantiate the association: (a) the asymmetric X-ray PWN found by XMM and (b) the changing morphology found by H.E.S.S. in the gamma-ray data. If these two properties had not been found, the association should not be considered more than a chance positional coincidence. Nevertheless as mentioned, there is a whole new class of objects that are now unidentified and that are close to energetic pulsars, that could potential belong to this class of objects.
Category C-sources for which the multi-frequency data does not (yet) provide a consistent picture
The sources belonging to this class of objects have a good positional counterpart, but the multi-frequency data does not (yet) provide a consistent picture of the emission mechanism. One object of this class is HESS J1813-178. This slightly extended gamma-ray source was originally discovered in the H.E.S.S. Galactic plane survey and originally described as unidentified. Shortly afterwards several papers were published, describing the positional coincidence with an ASCA X-ray source (2-8 keV) (Brogan et al. 2005) , an Integral hard X-ray source (20-100 keV) (Ubertini et al. Fig. 3 Gamma-ray image of HESS J1813-178 overlaid with VLA 20 cm radio data in which the shell-type structure of the positional counterpart to the gamma-ray source can be seen. The best fit position of the gamma-ray excess is marked with a magenta cross 2005), both having the same angular resolution and therefore like H.E.S.S. unable to resolve the object. Finally VLA archival radio data (90 cm) were reported (Brogan et al. 2005 ) showing a 2.5 diameter shelllike object coincident with the X-ray sources and with HESS J1813-178 (see Fig. 3 ). This observation led to the conclusion that the positionally coincident object was a Supernova remnant and that the gamma-ray emission was either caused by the shell or by a centrally located PWN. However, the multi-frequency data does not distinguish between the two scenarios, due to the lack of spatial resolution of the X-ray and gamma-ray instruments. A preliminary analysis of a recent 30 ks XMM-Newton observation of the region point to a PWN origin of the emission, which would in turn allow to model the radio to gamma-ray data in the picture of a composite SNR and therefore finally possibly identifying HESS J1813-178 as a gamma-ray PWN. The example of HESS J1813-178 shows that high-quality multi-frequency are a prerequisite in the identification of a gamma-ray source and an ongoing programme is connected to the study of the unidentified gamma-ray sources with high-resolution X-ray detectors like Chandra, XMM-Newton and Suzaku. Other objects for which the multi-frequency data at this moment do not allow firm conclusions about potential counterparts are e.g. HESS J1640-465 and HESS J1834-087.
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Category D-sources with no counterpart
For this class of sources there is as of yet no counterpart at other wavelength determined. The common belief is, that this is due to insufficient (in terms of sensitivity) multiwavelength data. In principle all new gamma-ray detections are first classified in this category, before they can be moved to another class with the help of MWL data. The most prominent examples of this class are the HEGRA source in the Cygnus region (TeV J2032+4131) (Aharonian et al. 2005f ) for which even in deep 50 ks Chandra observation no obvious X-ray counterpart was found. A similar case is the unidentified H.E.S.S. source HESS J1303-631 (Aharonian et al. 2005g), serendipitously discovered in observations of the binary pulsar PSR B1259-63. Also here a Chandra observation did not reveal any obvious positional counterpart (Mukherjee and Halpern 2005) . In the search for Xray counterparts XMM-Newton seems to be best suited for the Galactic gamma-ray sources found by H.E.S.S. because the high sensitivity towards extended structures seems to be advantageous for the gamma-ray sources that typically have extensions of the order of 0.1°.
A large fraction of the new H.E.S.S. sources can be categorised into this class. Examples are: HESS J1702-420, HESS J1708-410 or HESS J1745-303. As previously mentioned, there is an ongoing effort to investigate these sources with various instruments from radio to gamma-rays. Table 2 summarises the H.E.S.S. gamma-ray sources into the proposed categories as given in Table 1 . As can be seen from this table, for less than half a firm counterpart can be identified, putting these sources into class A. The majority of the sources has to be classified as unidentified, since no good counterpart at other wavebands exists at all. It is evident, that the gathering of multi-waveband data will help in identifying these objects. It should however also be noted, that a positional coincidence alone does not help. A consistent modelling of the emission mechanisms at work in generating the gamma-rays must be invoked, before a firm association can be established. For the upcoming GLAST satellite, the situation will be further complicated by source confusion due to the larger point-spread function and also by the stronger diffuse gamma-ray background from decays of neutral pions in the Galactic plane.
Summary and conclusion
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The support of the Namibian authorities and of the University of Namibia in facilitating the construction and operation of H.E.S.S. is gratefully acknowledged, as is the support by the German Ministry for Education and Research (BMBF), the Max Planck Society, the French Ministry for Research, the CNRS-IN2P3 and the Astroparticle Interdisciplinary Programme of the CNRS, the UK Particle Physics and Astronomy Research Council (PPARC), the IPNP of the Charles University, the South African Department of Science and Technology and National Research Foundation, and by the University of Namibia. We appreciate the excellent work of the technical support staff in Berlin, Durham, Hamburg, Heidelberg, Palaiseau, Paris, Saclay, and in Namibia in the construction and operation of the equipment. were extracted and analyzed from XMM-Newton data. Only one of these sources, XMMU J141255.6-635932, is spectrally compatible with GRO J1411-64 although the fact the soft X-ray observations do not cover the full extent of the COMPTEL source position uncertainty make an association hard to quantify and thus risky. At the best location of the source, detections at hard X-rays show only upper limits, which, together with MeV results obtained by COMP-TEL suggest the existence of a peak in power output located somewhere between 300-700 keV for the so-called low state. Such a spectrum resembles those in blazars or microquasars, and might suggest at work by the models accordingly. However, an analysis using a microquasar model consisting on a magnetized conical jet filled with relativistic electrons, shows that it is hard to comply with all observational constrains. This fact and the non-detection at hard Xrays introduce an a-posteriori question mark upon the physical reality of this source, what is discussed here.
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Introduction
GRO J1411-64 is the strongest variable unidentified MeV source located near the Galactic plane. It was discovered by COMPTEL/CGRO during 1995 March-July (viewing periods 414-424), during which the source went on a burst event at MeV energies (Zhang et al. 2002) . The source was detected at ∼7σ in the 1-3 MeV band by combining the 7 viewing periods (VPs, the periods of observations in CGRO), according to which the best location was measured at (l,b) = (311.5 • , −2.5 • ) and the source was referred as GRO J1411-64. The flare duration was several months and the rather steep spectral shape obtained while the source was flaring would predict a bright, hard X-ray source, if there is no break in the spectrum, which is explored here. In what follows, we present the results of the INTEGRAL observations of this source, as well as of XMM-Newton observation of its best location and, following, the comment concerning the possible nature of this source. 
Results
Hard X-rays
No hint of signal was found for new hard X-ray sources within the location uncertainty of GRO J1411-64 from individual scws of the INTEGRAL instruments. To improve the statistics, mosaic maps were obtained for IBIS/ISGRI and JEMX by combining all data. The images of IBIS/ISGRI were produced in the energies 20-100 keV, see Fig. 1 for the map in the 20-40 keV band as an example. The circle holds the 4-σ error region of GRO J1411-64 obtained by COMP-TEL during its flare in 1995 (Zhang et al. 2002) . From the possible counterparts of GRO J1411-64 discussed in Zhang et al.'s paper (2002) , only the Circinus Galaxy shows up in this error region as seen by INTEGRAL. The most significant detection of Circinus Galaxy is in the energies 20-40 keV, at a confidence level of 38σ . The mosaic map of JEMX shows no significant source feature is visible from within the 4-σ error region. For SPI, the Circinus Galaxy is at the 6σ level in the 20-40 keV range, and it is the only source detected within the location of GRO J1411-64, the region of our search.
The light curve for the Circinus Galaxy, detected mainly by IBIS/ISGRI, is rather constant. The Circinus Galaxy was investigated in (Soldi et al. 2005) . Models of cutoffpl plus wabs in XSPEC can fit the data well, with a reduced χ 2 GRO J1411-64 shows likely persistent emission in 0.75-1 MeV band during its low state (Fig. 2) , where the source was detected at ∼4σ by COMPTEL (Fig. 3) . The corresponding spectrum of the low state can be represented by −0.4 (see Fig. 4 ). Circinus Galaxy can be safely ruled out as the counterpart due to its spectral extrapolation well below the ones at MeV energies. The ISGRI/SPI upper limits combined to spectra of both flare/low states shows the existence of a maximum in the power output at hard X-rays, which might remind us to consider the microblazar as the possible source nature.
Soft X-rays
A total of 31 X-ray sources were formally detected by the SAS source detection algorithm in the EPIC data. Nine of these were excluded due to detector defects and other artifacts, in a careful inspection. The resulting 22 reliable and statistically significant sources (likelihood >10) are shown in Fig. 5 . Among them, the unfolded spectrum (largely independent of the model fitted) for XMMU J141255.6-635932, along with the best fit model, the COMPTEL detections and the INTEGRAL upper limits is plotted in Fig. 6 . The hard excess exhibited by the XMM-Newton data is apparent in that figure, and might be suggestive of a large Compton bump that would peak in the several ∼100 keV region, fitting well with the COMPTEL detections. However, the fact that the XMM-Newton image does not cover the full COMPTEL source location and the non-detection by IN-TEGRAL of any reliable counterpart, would make the assumption that XMMU J141255.6-635932 is the counterpart to GRO J1411-64, although spectrally consistent, only tentative and risky. The centroid of the COMPTEL source GRO 1411-64 is marked with a square box, the error contour being larger than the image itself. See details in Torres et al. (2006) 
Conclusion and summary
The observations, subsequent analysis and theoretical investigations pursued shed light upon the nature of GRO J1411-64. The combined INTEGRAL, XMM-Newton and COMPTEL observations reveal no obvious counterpart at high energies (hard X-rays and gamma-rays). Nevertheless, the unique peak of the power output at these energies resembles the SED seen in microquasars, and suggests at work by the models accordingly. However, an analysis using a microquasar model consisting on a magnetized conical jet filled with relativistic electrons which radiate through synchrotron and inverse Compton scattering with star, disk, corona and synchrotron photons shows that it is hard to comply with all observational constrains (Fig. 7) . The best fit parameters see Table 1 . This fact and the non-detection at hard X-rays introduce an a-posteriori question mark upon the physical re- Table 1 Parameter values for GRO J1411-64. At the top of table, parameter values for a typical microquasar system and jet geometry are given (Bosch-Ramon et al. 2006) . We have considered different values within the range open for the free parameters finding that it is not possible to obtain a simple microquasar model that could fit the SED. In particular, in Fig. 7 we show a test case with the free parameters fixed to the values presented in this table, at the bottom. We note that, since the computed SED in Fig. 7 ality of this source. See more details in ). GLAST observations would help improving the location of the MeV source if radiation at higher energies is not completely suppressed, and would open the door for more efficient multiwavelength searches of the counterpart. However, it is true that the nature of this COMPTEL source might not be constrained further if this detection was a one-time only transient phenomena. GLAST will only be able to help if a candidate counterpart is caught in the act (flaring/quiescent state of an AGN or a more rare galactic object). Having at hand GLAST observations, in any case, will make our currently reported investigation to naturally fit into the testing of any hypothesis on the nature of GRO J1411-64. 
Results
Detections
Evidence for a possible new MeV source was first found in a 3-10 MeV skymap (Fig. 1 ) of CGRO Phase 5, an observational period of about one year, containing 36 individual VPs. Subsequent searches revealed that the emission mainly comes from VP 531 (Fig. 2) , a typical two-week VP. The center of the emission is located at (l, b) ∼ (284.5°, 2.5°). In order to derive the MeV properties of this source, we investigated this sky region in detail by using all possible CGRO VPs up to the second reboost of CGRO. We found that the source is only visible during VP 531 (3 to 15 October 1996), i.e. showing a flare in this period. The likelihood ratio, −2 ln λ, for a source detection in the 3-10 MeV band is 38.5, which corresponds to 5.6σ by assuming three degrees of freedom. The probability of detecting randomly an unknown source at this significance level is 2 × 10 −5 , by taking into account the trials for searching all CGRO VPs in four energy bands. During this flare the source reached a flux level of 350 mCrab in the 3-10 MeV band. However, the source is only marginally detected at lower COMPTEL energies, and not at all at higher energies. An analysis of the simultaneous EGRET data (>100 MeV) of VP 531 did not yield any evidence for the source. By subdividing the 3-10 MeV band into smaller ones, we derive ∼4.3σ and ∼2.5σ detections in the 3-4.3 MeV and 4.3-9 MeV bands, respectively (Figs. 3, 4) . By combining all non-flare data (i.e., all VPs apart VP 531), we only find a ∼3σ -feature in the 1-3 MeV at the source position.
Reliability investigations
It is known that activated 24 Na in a cascade process will generate two γ -rays at energies of 1.368 and 2.754 MeV. Such instrumental background photons, if emitted in specific directions, will be recorded by COMPTEL as a valid event of energy ∼4.1 MeV by having aφ value of ∼18°or ∼40°. To convince ourselves that this 3-10 MeV feature is not a background artifact due to these background lines, we carried out several analyses.
(1) We analysed the VP 531 data in the 3-3.9 and 3.9-4.3 MeV bands, of which the latter one covers the 24 Na cascade line. We derived detection significances of ∼3σ (3 dof) in each band, showing that the observed signal is not-at least not solely-due to 24 Na.
(2) We checked the significance and flux dependencies of the emission feature onφ, and compared them to the ones derived on the Crab in an observation (VP 413), which had similar properties (duration, source offset angle). In both cases the distributions are similar.
(3) To check for a time-dependent instrumental background feature, we analysed the 3-4.3 MeV data of VP 531 and its two neighboring VPs, VP 530.0 (the 27 days before) and VP 601.1 (the 14 days after) not pointing to the new source, in an instrumental coordinate system. In such a system, a certain instrumental effect should show up at the same position in an 'instrumental' skymap. While GRO J1036-55 provides a significant signal, the other two maps are empty at this location.
(4) We generated distributions of the events associated with GRO J1036-55 with respect to several measured event parameters (e.g. time-of-flight). These basic event distributions do not obviously differ from the ones generated for the Crab and 3C 273, by assuming similar conditions (e.g., observation time).
Given the consistent results of our checks, we consider it unlikely, that the new MeV source feature is the result of an instrumental effect. However, we can not rule out this possibility finally.
Variability
The 3-10 MeV light curve indicates a MeV flare of GRO J1036-55 during VP 531 (Fig. 5 ). Fitting these 3-10 MeV fluxes with a constant flux level, results in a χ 2 value of 55. This corresponds to a significance of 4.6σ that the source is variable, and-subsequently-to a probability of ∼3.6 × 10 −6 that the source is non-variable. 
Energy spectra
We derived the COMPTEL spectra of GRO J1036-55 in the four standard energy bands for VP 531 and for the sum of all data for the CGRO Phases 1 to 4, which cover about the first 4.5 years of the mission. Figure 6 shows these spectra combined with the simultaneously derived EGRET fluxes (>100 MeV). The flare state in VP 531 and a soft spectral shape above 10 MeV is obvious. Figure 7 shows again the COMPTEL/EGRET spectrum of VP 531, however with higher energy resolution of the COMPTEL data, indicating a spectral maximum at 3-4.3 MeV.
Summary and conclusion
We report first evidence (5.6σ ) for a new flaring MeV sources, which is located near the Galactic plane and showed a MeV flare in October 1996. Due to the fact, that the main emission arises between 3 and 4.3 MeV, where COMPTEL has an instrumental background line, we performed several tests on the data. All of them are consistent with the fact that this significant emission feature is due to an astrophysical source. The MeV spectrum during the flare, although its shape is not statistically significant determined, reminds on a prediction of Punsly et al. (2000) . They calculated the broadband spectrum of an accreting isolated Galactic Kerr-Newman black hole, by assuming a jet scenario including electronpositron annihilation effects. They predict an emission peak at MeV energies with a very steep spectrum at energies above the peak, i.e. similar to our flare spectrum. Preliminary counterpart searches have not yielded an obvious counterpart.
